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Abstract 
In this paper, an imperfect inventory model with two separate warehouses called owned warehouse/show-room (OW) and rented 
warehouse (RW) is developed. The proposed model of this paper also considers a realistic assumption regarding the storage 
capacity of the rented warehouse. Production of defective units is a natural phenomenon in a production process. Defective items 
should be treated as a result of imperfect quality production. Inflation is also considered in this model. A solution procedure is 
presented to determine an optimal replenishment cycle, production cost, inspection cost, damaged item cost and preservation 
technology cost such that the total cost per unit time is minimized. A numerical example and sensitivity analysis are presented to 
illustrate the model. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Computational Intelligence (CI) provides solutions for complicated and inverse problems. It primarily 
includes artificial neural networks, evolutionary computation and fuzzy logic. An important aspect of Computational 
Intelligence is adaptivity which is covered by the fields of machine learning and computational neuroscience. In 
addition, CI also embraces biologically inspired algorithms such as swarm intelligence and artificial immune systems 
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which can be seen as a part of evolutionary computation, and includes broader fields such as image processing, data 
mining, and natural language processing. Furthermore, chaos theory and many-valued logic are used in the 
construction of computational models. 
 
Inspection is an important tool to achieve quality concept. It is necessary to assure confidence to manufacturer 
and aims satisfaction to customer. Inspection is an indispensable tool of modern manufacturing process. It helps to 
control quality, reduces manufacturing costs, eliminate scrap losses and assignable causes of defective work. 
Inspection is the most common method of attaining standardization, uniformity and quality of workmanship. It is the 
cost art of controlling the production quality after comparison with the established standards and specifications. It is 
the function of quality control. If the said item does not fall within the zone of acceptability it will be rejected and 
corrective measure will be applied to see that the items in future conform to specified standards. 
 
Most of the researchers have discussed a two-warehouse inventory system. Therefore, due to the limited capacity 
of the available showroom facility (existing storage, own warehouse (OW)), an additional storage which is assumed 
to be available with abundant space is required to hold a large stock. This additional storage facility maybe a rented 
warehouse (RW) with better preserving facility. Yang [1] considered two-warehouse models for deteriorating items 
with shortages under inflation. The other researchers such as Pakkala [2], Kar, Bhunia and Maiti[3], Singh and 
Kumar [4], Yadav, Singh and Kumari [5], Singh, Kumari and Kumar [6] extended the two-warehouse inventory 
models with different assumptions. The above mentioned papers did not consider the inventory model with two 
warehouses and imperfect quality simultaneously. 
  
Porteus [7] and Rosenblatt and Lee [8] are among the first to explicitly elaborate on the significant relationship 
between quality imperfect and lot size. Salameh and Jaber [9] hypothesized a production/inventory situation where 
items, received or produced, are not of perfect quality. Sana [10, 11] developed the production model with imperfect 
system. Chung [12], Dem and Singh [13], Singh and Jain [14,15] developed a warehouse production model with 
imperfect quality items. 
 
Investing on preservation technology (PT) for reducing deterioration rate has little attention in the last few years. 
The consideration of PT is important due to rapid changes and the fact that PT can reduce the deterioration rate 
significantly. Hsu, Wee and Teng [16] developed an order model with preservation technology. But we developed a 
warehouse production model with imperfect items, inflation under preservation.  
 
One of the weaknesses of some production-inventory models is the unrealistic assumption that all items produced 
are of good quality. But production of defective units is a natural phenomenon in a production process. Defective 
items should be treated as a result of imperfect quality production. In many practical situations, retailers buy a 
capacity of goods exceeding their own warehouse. In this case, retailers may rent other warehouses for the need of 
business. In this paper, we develop a two-warehouse production–inventory model with imperfect quality items under 
inflation. The lot sizing problem is then to find the optimal production and preservation technology investment 
strategies while minimizing the manufacturer’s total cost over the planning horizon. Finally, numerical examples 
will be used to illustrate the results. 
 
Assumptions 
OW has the limited capacity while RW has unlimited capacity. 
Imperfect and perfect production is taken into this consideration. 
Demand rate is constant. 
Inflation is also considered in this model. 
Preservation technology for decaying items is taken into consideration. 
Inspection costs are considered in both OW and RW separately. 
Holding cost in RW is higher than that of OW. 
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Nomenclature 
P is the production rate. 
d is the demand rate. 
k is the original deterioration rate. 
 is the preservation technology (PT) cost for reducing deterioration rate in order to preserve the products,  ≥ 0. 
m () is the reduced deterioration rate, a function of  defined by ( ) (1 )am k e    , a ≥ 0, where a is the simulation 
coefficient representing the percentage increase in m(). 
Cp is the production cost per unit per unit time. 
h1 is the holding cost for own warehouse (OW) per unit per unit time. 
h2 is the holding cost for rented warehouse (RW) per unit per unit time. 
C0 is the inspection cost for OW. 
CR is the inspection cost for RW. 
 S is the damaged item cost. 
W is the own warehouse capacity. 
r is the inflation rate. 
A is the rework cost. 
 
2. Model Formulation 
 In this model, during the time interval [0,t1], production starts and stock is kept in OW and inventory 
increases due to the combined effect of demand, production and deterioration. At t = 0, perfect and imperfect units 
are stored in OW until its capacity W is full. Remaining perfect and imperfect items are stored in rented warehouse 
at t = t1, and production stops at t = t2.Now, during the time interval [t2,t3] and [t3,t4], inventory decreases due to 
effect of demand and deterioration. While at time [t1,t3] items are depletes due to deterioration occurs. As per above 
description, the inventory level governed the following equations: 
'
1 1( ) [ ( ) ] ( ) ,I t m k I t P d     10 t t        (1) 
'
2 2( ) [ ( ) ] ( ) ,I t m k I t P d     1 2t t t        (2) 
'
3 3( ) [ ( ) ] ( ) ,I t m k I t d    2 3t t t        (3) 
'
4 4( ) [ ( ) ] ( ),I t m k I t    1 4t t t        (4) 
'
5 5( ) [ ( ) ] ( ) ,I t m k I t d    3 4t t t        (5) 
With initial conditions 
1 2 1 3 3 4 1 5 4(0) 0, ( ) 0, ( ) 0, ( ) , ( ) 0I I t I t I t W I t                                                                                                (6) 
Solutions of these equations are: 
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Fig 1: Graphical representation of two warehouse production model 
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The present worth of the production Cost (PD) is given by 
2
0
t
rt
pPD C Pe dt
 
         
(12) 
The present worth of the holding cost for OW is given by 
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HC h I t e dt I t e dt I t e dt      
      
(13) 
The present worth of the holding cost for RW is given by 
32
1 2
2 2 2 3[ ( ) ( ) ]
tt
rt rt
t t
HC h I t e dt I t e dt   
            
(14) 
The present worth of the inspection cost for OW is given by 
1
0 0
0
t
rtIC C Pe dt 
              
(15) 
The present worth of the inspection cost for RW is given by 
2
1
t
rt
R R
t
IC C Pe dt 
              
(16) 
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The present worth of the damaged cost is given by 
2 4
2
0
0
[ (1 ) ]
t t
rt rt
t
D S P e dt de dt     
               
(17) 
The present worth of the rework cost is given by 
1 2
10
t t
rt rt
t
RC A Pe dt Pe dt 
                      
(18) 
The present worth of the total cost is given by 
1 2 0 0[ ]RTC PD HC HC IC IC D RC PC                     (19) 
3. Solution Procedure 
The total annual cost has the two variables t4and . To minimize the total annual cost, the optimal values of t4 and 
 can be obtained by solving the following equations simultaneously 
4
0TC
t
 
                
(20) 
0TC
                    
(21) 
Provided, they satisfy the following conditions and 
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             (22) 
To minimize the objective function, the optimal solution of t4 and  can be obtained from the equation (20) and (21) 
for both the cases. All these equations are solved numerically with the help of Software. 
 
4. Numerical Example and Sensitivity Analysis 
To exemplify the above model numerically, we have considered the following data given in Table 1 in 
appropriate units 
 
Table 1 
r 
0.06 
P 
300 
d 
100 
CP 
10 
a 
0.01 
W 
40 
C0 
3 
CR 
5 
S 
5 
A 
3 
 
The Optimal values of decision variables are shown in Table 2. Convexity of the proposed model is shown in Fig 2. 
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Table 2 
t1* 
0.2 
t2* 
0.24062 
t3* 
0.32186 
t4* 
0.741897 
* 
41.9455 
TC* 
1699.1 
 
Table 3. Effect of Parameter r on proposed policy 
r t1* t2* t3* t4* * TC* 
0.07 0.2 0.240622 0.321986 0.741986 41.825 1699.08 
0.08 0.2 0.240704 0.322111 0.742074 41.7043 1699.07 
0.09 0.2 0.240746 0.322238 0.742163 41.5831 1699.06 
0.1 0.2 0.240788 0.322368 0.742252 41.4616 1699.05 
0.2 0.2 0.241214 0.323643 0.743141 40.2275 1699.04 
 
Table 4. Effect of Parameter d on proposed policy 
d t1* t2* t3* t4* * TC* 
110 0.21053 0.254556 0.330608 0.712707 43.1455 1869.01 
120 0.22222 0.269627 0.340734 0.691232 44.3379 2041.65 
130 0.23529 0.28604 0.352399 0.676166 45.5209 2216.92 
140 0.25 0.304054 0.365831 0.666689 46.6938 2394.72 
150 0.26667 0.323999 0.381332 0.662339 47.8563 2575 
 
Table 5. Effect of Parameter C0 on proposed policy 
C0 t1* t2* t3* t4* * TC* 
3.2 0.2 0.232516 0.297549 0.709721 31.8309 1710.35 
3.4 0.2 0.232297 0.296892 0.708261 29.9314 1726.29 
3.6 0.2 0.232081 0.296244 0.706828 28.0548 1742.29 
3.8 0.2 0.231868 0.295603 0.705422 26.2008 1758.34 
4 0.2 0.231657 0.294971 0.704043 24.369 1774.44 
 
Table 6. Effect of Parameter CP on proposed policy 
Cp t1* t2* t3* t4* * TC* 
11 0.2 0.238749 0.316246 0.734467 39.9862 1795.84 
12 0.2 0.237045 0.311134 0.727781 38.211 1892.86 
13 0.2 0.235487 0.306461 0.721733 36.5941 1990.14 
14 0.2 0.234057 0.30217 0.716233 35.1141 2087.64 
15 0.2 0.232738 0.298215 0.71121 33.7538 2185.32 
 
Table 7. Effect of Parameter W on proposed policy 
W t1* t2* t3* t4* * TC* 
42 0.21 0.241297 0.303891 0.73668 33.0929 1698.38 
44 0.22 0.249979 0.309937 0.762533 32.4793 1702.68 
46 0.23 0.248778 0.316334 0.788753 31.9087 1707.31 
48 0.24 0.267676 0.323048 0.815283 31.3773 1712.22 
50 0.25 0.276662 0.329986 0.842089 30.8817 1717.38 
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Table 8. Effect of Parameter S on proposed policy 
S t1* t2* t3* t4* * TC* 
6 0.2 0.231158 0.293505 0.705328 32.2545 1725.35 
7 0.2 0.229743 0.289229 0.700035 30.8935 1756.77 
8 0.2 0.228443 0.285328 0.695246 29.6522 1788.32 
9 0.2 0.227252 0.281755 0.690893 28.5149 1820.22 
10 0.2 0.226156 0.278469 0.686918 27.4691 1852.27 
 
Table 9. Effect of Parameter CR on proposed policy 
CR t1* t2* t3* t4* * TC* 
5.2 0.2 0.23271 0.298129 0.711752 35.414 1697.88 
5.4 0.2 0.232681 0.298044 0.712292 37.0717 1701.02 
5.6 0.2 0.232653 0.297959 0.71283 38.727 1704.68 
5.8 0.2 0.232625 0.297875 0.713367 40.3798 1708.08 
6.0 0.2 0.232597 0.29779 0.713902 42.0302 1711.46 
 
5. Observations 
 
i. As we increase the rate of inflation, t1* remains same, t2*, t3*, t4*increases and preservation cost decreases. 
Total cost is a decreasing function of inflation parameter so it decreases with an increase in inflation.  
ii. As we increase the rate of demand, t1*, t2*, t3*, increases whereas t4* decreases. While, preservation cost 
and total cost increase as demand increases, the reason is that more demand encourages the system to produce more 
items.  
iii. As we increase the inspection cost for OW, t1* remains same, t2*, t3*, t4* and preservation cost decreases 
while total cost increases. 
iv. As we increase the production cost, t1*, t2*, t3*, t4*, total cost increases and preservation cost decreases 
which is realistic in nature. 
v. As we increase the damaged cost, t1* remains same, t2*, t3*, t4* decreases and preservation cost as well as 
total cost increases. 
vi. As we increase the inspection cost for RW, t1* remains same, t2*, t3* decreases and t4*, preservation cost, 
total cost increases. 
 
6. Conclusion 
 
Productions are of two types: Perfect and Imperfect. Most of the researchers developed the models for perfect 
items. But few researchers studied for the imperfect production. We developed the imperfect model with two 
warehouse capacity under inflation. A solution procedure is presented to determine an optimal replenishment cycle, 
production cost, inspection cost, damaged item cost and preservation technology cost such that the total cost per unit 
time is minimized. A numerical example and sensitivity analysis are presented to illustrate the model. This model 
can be extended in so many ways such as partial backlogging, learning, permissible delay, fuzzy environment etc. 
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Fig 2: Convexity of the total cost w.r.t. t4 and  
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